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PREFACE 

The Federal Land Policy and Management Act (Public Law 94-579. October 

21, 1976) requires the U.S. Geological Survey and the U.S. Bureau of Mines to 

conduct mineral surveys on certain areas to determine the mineral values, if 

any, that may be present. Results must be made available to the public and be 

submitted to the President and the Congress. This report presents the results 

of a mineral survey of the Fandango (NV-060-190) and Morey (NV-060-191) 

Wilderness study Areas, Nye County. Nevada. 

This open-file report summarizes the results of a 
Bureau of Mines study and will be incorporated in 
a j oint report with the U. S. Geological Survey. 
The report is preliminary and has not been edited 
or reviewed for conformity with the Bureau of 
Mines editorial standards. This study was 
conducted by personnel from the Branch of Mineral 
Land Assessment (MLA) , Intermountain Field 
Operations center, Building 20, Denver Federal 
Center, Denver, CO 80225. 
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MINERAL INVESTIGATION OF THE FANDANGO (NV-060-190) AND MOREY 
(NV-060-191) WILDERNESS STUDY AREAS, NYE COUNTY, NEVADA 

by 

John R. McDonnell, Jr .• Bureau of Mines 

SUMMARY 

The Fandango and Morey Wilderness Study Areas lie adjacent to each other 

and respectively comprise 40,940 and 20,120 acres in north--central Nye County, 

Nevada. In 198 /1, the Bureau of Mines conducted a mineral investigation. as 

required by Public Law 94-579 (October 21, 1976), of the Bureau of Land 

Management I S "preliminary sui table acreage" (31,740 and 14,560 acres, 

respectively). The investigation included a review of literature concerning 

mineral resources and mining activity in the study areas, and a field 

examination of mines, prospects, and mineral occurrences. 

Mining and prospecting within the Morey study area are related to 

activity in the Morey mining district along the northern boundary of the study 

area. The Wist, Bhum, and Donna Louise prospects explore east-striking 

fault-vein systems in rhyolitic tuff. The veins contain low silver, lead, and 

zinc values with associated manganese, molybdenum, and tin. Analytical and 

geological data suggest that deposits of low-grade silver, lead, and zinc 

could exist in these areas. Further studies are recommended for the prospects 

to delineate possible structural relationships and define mineralized zones. 

Mining activity in the Fandango study area is centered on the CL claim 

group in the northeastern part of the study area. Preliminary reconnaissance 

studies by Long Lac Mineral Exploration, Inc., delineated three areas of 

potential mineral resources and a drilling program was focused on one area 

where a large-tonnage, low-grade gold deposit was suspected. The drilling 

program encountered low-grade gold values, and by continued drilling Long Lac 
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is attempting to determine if the gold occurrence is economical. Further 

observation of exploration in the area is recommended; even if the occurrence 

proves to be currently uneconomical, its status should be reevaluated as metal 

prices change. 

INTRODUCTION 

In 1984. the Bureau of Mines. in cooperation with the U. S. Geological 

Survey (USGS). conducted a mineral investigation of the Fandango and Morey 

Wilderness Study Areas (WSA's). Nye County, Nevada. The Fandango and Morey 

WSA's respectively comprise 40,940 and 20,120 acres of public land 

administered by the Bureau of Land Management (BLM) . This Bureau 

investigation included only those areas' designated as "preliminary suitable 

acreages" by the BLM, and respectively comprise 31,740 and 14,560 acres of the 

Fandango and Morey WSA' s. The Bureau surveyed and studied mines, prospects, 

and mineral occurrences to evaluate identified resources. The USGS assessed 

the undiscovered mineral resource potential based on reconnaissance 

geological, geochemical, and geophysical evidence. This report presents the 

results of the Bureau of Mines study, which was conducted before the USGS's 

results were available. 

Geographic and geologic setting 

The Fandango and Morey study areas lie adj acent to each other and are 

separated by a jeep road in South Sixmile Canyon (fig. 1). The areas are in 

north-central Nye County, Nevada, about 70 mi northeast of Tonopah, Nevada, 

and 10 mi northwest of U.S. Highway 6. Access to the areas is by maintained 

dirt roads from Highway 6. Jeep roads to livestock watering areas and hiking 

trails provide access within the study areas. 
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The study areas lie in the northern Hot Creek Range in the Basin and 

Range physiographic province. The region is arid with mountainous areas 

receiving as much as 10 in. of precipitation a year. The Fandango study area 

has moderate to steep relief with broad drainages and elevation ranging from 

5,760 to 9,825 ft, whereas the Morey study area has extremely rugged terrain 

with steep, narrow canyons and elevation ranging from 5,780 to 10,246 ft. 

The study areas are along the northern boundary of the Hot Creek Valley 

caldera complex (pl. 1). The southern two-thirds of the Fandango study area 

and most of the Morey study area are within the caldera complex and primarily 

consist of Tertiary ash-flow tuffs that have been intruded by rhyolitic and 

andesitic dikes and plugs. The northern third of the Fandango study area and 

the northwestern corner of the Morey study area are along the arcuate rim of 

the caldera complex and consist mostly of Mesozoic and Paleozoic carbonate 

rocks with some interbedded quartzite and calcareous shale. These rocks are 

faulted and intruded by rhyolitic and andesitic ring dikes. A 

northeast--striking thrust fault, which has been reported as part of the 

Roberts Mountains Thrust, has placed middle Paleozoic siliceous sediments over 

middle to upper Paleozoic carbonate rocks in the northern part of the Fandango 

study area. These sediments typically are strongly brecciated and 

hydrothermally altered, and the underlying carbonate rocks locally have been 

al tered to j asperoid. (See John, 1985, p. 12-16; Garratt Geoservices USA, 

1982, p. 7-10; Britton, 1970, p. 5-6; and Kleinhampl and Ziony, 1967.) 

Method of investigation 

This investigation included a review of available published and 

unpublished material related to the mineral resources and mining activity in 

the Fandango and Morey study areas and vicinity. Mining claim information and 
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land status plats were obtained from the BLM state Office in Reno ,Nevada. 

Minerals information and production data were collected fr'om Bureau of Mines 

files and other sources. 

In June and September 1984, Bureau personnel conducted a 40-man-day field 

examination that focused on mines, pr'ospects. and known miner'al occurr'ences 

within and up to 1 mi outside the study area boundaries (pl. 1). The 

examinations included r'econnaissance by helicopter, four'-wheel--drive vehicle, 

and foot traverses across the study areas. Mining claim locations were 

examined and accessible workings within the study ar'eas were mapped and 

surveyed by tape and compass. 

One hundr'ed and fifteen samples, including chip, select, and grab 

samples, were collected from workings and mineralized areas. All samples were 

analyzed for gold and silver by either standard fir'e assay or' fire assay 

combined with inductively coupled plasma-atomic emission spectrometry (rcP). 

Additional analyses were conducted by atomic absorption spectrophotometry for 

arsenic, tin, antimony, and thallium; by ICP for manganese, molybdenum, lead, 

and zinc; by X-r'ay fluorescence for' bar'ium; and by chemical methods for' 

mercury. A 40-element analysis by semiquantitative optical emission 

spectrography was also performed to disclose any unsuspected mineral 

occurrences (see appendices). Sample data are summarized in figures 3-7, 

9-10, and table 3 in this report; complete data for all samples, and details 

of grade and tonnage estimates are available for public inspection at the 

Bureau of Mines, Intermountain Field Operations Center, Building 20, Denver 

Federal Center, Denver, Colorado 80225. 
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MINING HISTORY 

Prospecting and mining in the vicinity of the study areas began about 

1865 when silver was discovered in the areas that became the Morey and Tybo 

mining districts. The Morey district is along the northern boundary of the 

Morey study area, and the Tybo district extends about 25 mi southward from Hot 

Creek Canyon, which is 3-4 mi south of the study areas (pI. 1). 

Morey mining district 

The Morey district was organized in 1866 and covered the ridge between 

North and South Canyons where the initial silver discovery was made (pl. 1). 

In the early 1870 's, two mills were built at Morey but they operated only a 

short time; most of the ore was shipped 23 mi south to Tybo for processing 

(V.J. Barndt, oral commun., 1984). Intermittent production through 1948 was 

estimated to be about 6,500 tons of ore containing more than 606,000 oz 

silver. From 1948 to 1968, mining activity was intermittent and little or no 

production resulted. (See Kleinhampl and Ziony, 1984; Garratt Geoservices, 

1982; and Kral, 1951.) Since 1968, three overlapping exploration projects 

have investigated properties in the vicinity of Red Mountain, north of South 

Canyon, in the Morey district (pl. 1): International Minerals and Chemicals 

(IMC), 1968-1970; Superior Oil, 1978-1981; and Canorex International, Inc., 

1981-1983. 

6 



The IMC project evaluated the potential for a low-grade disseminated 

silver deposit and deeper extensions of the high-grade veins. Surface and 

trench sampling delineated geochemical anomalies that led to the drilling of 

four diamond drill holes to test for silver values at depth. The results 

indicated that the silver deposit was uneconomic and exploration for the 

primary silver target was discontinued. A second target was discovered during 

the geologic reconnaissance and IMC conducted an induced polarization survey 

and drilled three more holes trying to define a possible disseminated 

copper-molybdenum deposit. Although the drill holes encountered significant 

quantities of disseminated sulfides, IMC concluded that the occurrence was a 

large, uneconomic disseminated iron sulfide body and no further work was 

done. (See Britton, 1970.) 

Superior oil conducted a surface reconnaissance program and drilled five 

exploratory holes for a possible porphyry molybdenum deposit below the silver 

veins. Drill hole results were not available but it is assumed that no 

commercial deposit was located, as the property was dropped in October 1981 

(Garratt Geoservices, 1982, p. 4). 

The exploration program by Canorex International, Inc., was initiated by 

Garratt Geoservices USA, Inc., for a possible silver-tin deposit, as part of a 

strategic metals investigation. An extensive geologic mapping and surface 

geochemical reconnaissance program was conducted. Garratt Geoservices (1982) 

concluded that the Red Mountain area of the Morey district offered "several 

good exploration opportunities" and exploratory drill holes were recommended. 

One hole was drilled in 1983 but the results were "not very interesting" and 

it was concluded that it was a much deeper system than hoped (Scott Tregaskis, 

Canorex International, oral commun., 1984). In 1984, property owner victor J. 

Barndt (oral commun.) indicated that the project had been discontinued. 
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Tybo mining dist~ict 

The Tybo dist~ict was o~ganized in 1867 and includes, among othe~s, the 

Hot C~eek and Page Mine a~eas (pl. 1). Mining activity in the dist~ict began 

when silve~ was discove~ed in the Hot C~eek a~ea in 1866, and at least two 

mills we~e built. In 1872, a smelte~ was built about 10 mi south of Hot C~eek 

at the Tybo discove~y and by the 1880's Tybo had become the cente~ of mining 

activity. (See Kleinhampl and Ziony, 1984; and K~al, 1951.) Inte~mittent 

p~oduction continued until about 1944; Kleinhampl and Ziony (1984, p. 211-212) 

estimated that mo~e than 596,000 tons of o~e containing unspecified amounts of 

silve~, lead, gold, coppe~, and zinc we~e p~oduced. They also list p~oduction 

of mo~e than 23 tons of antimony, mined f~om veins in ~hyolitic volcanic ~ocks 

in the Page Mine a~ea, 2-5 mi southwest of the study a~eas. 

Explo~ation, development, and some small scale mining have continued into 

the 1980's nea~ the study a~eas. In Septembe~ 1984, the owne~s of the Uncle 

Sam Mine in Hot C~eek (pl. 1) we~e ~eadying a bulk sample fo~ metal1u~gical 

testing. The mine is a patented p~ope~ty whe~e silve~ and gold have been 

p~oduced f~om along a no~th-no~theast-·t~ending fault, which may be an 

extension of the mine~alized st~uctu~es at Tybo, and extends towa~d the study 

a~eas. Silve~ and gold occu~ in qua~tz veins in the fault zone and also a~e 

disseminated in the limestone host ~ock along the fault. T~enches we~e dug on 

the Bolo claim g~oup, no~th and east along the Uncle Sam Mine claims, to 

explo~e possible extensions of the same mine~alized system. 

As of July 1985, Long Lac Mine~al Explo~ation, Inc., had detected 

anomalous antimony, gold (as much as 0.151 oz/t), and a~senic in samples f~om 

the Page Mine a~ea. The mine~al values a~e in thin qua~tz-stibnite veinlets 

that occu~ in ~hyolitic tuff and t~end no~theast towa~d the Fandango study 
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area. Long Lac had drilled four exploratory holes in the anomalies in 1984, 

but currently (1985) they are directing their exploration efforts to the CL 

claim group in the Fandango study area (Robert E. Bennett, Jr., Senior 

Geologist, Long Lac Mineral Exploration (Texas), Inc., Reno, Nevada, oral 

commun., 1985). 

Mining activity outside mining districts 

The CL claims are inside and along the northeastern boundary of the 

Fandango study area (pl. 1) and were originally staked in 1982 by Canyon 

Resources Corporation. Long Lac acquired the properties in September 1983 and 

conducted intensive geological, geochemical, and geophysical exploration 

programs for a large-tonnage, low-grade disseminated gold deposit. A 

hydrothermally altered area wi th anomalous gold, arsenic, antimony, 

molybdenum, thallium, and mercury values was delineated, and in 1984 a 

drilling program was initiated in an area north of Cold Spring (pl. 1). As of 

July 1985, 13 holes had been drilled a total of nearly 4,000 ft to explore a 

disseminated gold target in a northeast-trending thrust fault breccia. Eleven 

of the holes had poor recovery, but two holes intersected a favorable 

east-trending. gold-enriched horizon at depth. In July 1985, Long Lac was 

pursuing this second target but indicated that the deposit may be too deep to 

be economically developed at current gold prices (Robert E. Bennett, Jr., oral 

and written commun., 1984 and 1985). 

ENERGY RESOURCES 

There have been no reported oil and gas discoveries or Federal leases or 

lease applications filed in either the Fandango or Morey study area. Leases 

have been filed, however, for both the Little Fish Lake Valley west of the 

study areas and the Hot Creek Valley east of the study areas. The speculative 
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oil and gas leasing is probably related to recent discoveries in stratigraphic 

traps that underlie the valley fill in neighboring valleys. Sandberg (1982) 

evaluated the petroleum potential of wilderness lands in Nevada by applying 

plate-tectonic concepts to regional-biostratigraphic and source-rock studies, 

and by geothermometry techniques. The evaluation rated the Fandango and Morey 

study areas as among the areas with "zero" petroleum potential because they do 

not contain rock types that have petroleum source or reservoir characteristics. 

No information was found regarding geothermal waters or leasing activity 

within the Fandango and Morey study areas. Thermal springs that occur along 

Hot Creek Canyon (2--5 mi south of the study areas) and in Little Fish Lake 

Valley (2-8 mi west of the study areas) have temperatures ranging from 72
0 

to 1800 F. The hot springs are thought to be the result of heated water 

rising along permeable fault zones from a deep intrabasin ground water flow 

system. (See Garside and Schilling, 1979, p. 49, 54.) 

No uranium or thorium occurrences are known within the Fandango and Morey 

study areas. Uranium occurrences have been reported by Garside (1973, p. 93) 

and Hurley and Parker (1982) north to northeast of the study areas, but none 

were actively being developed in 1984. Current (1985) BLM records show the MO 

claims 2-4 mi north to northeast of the study areas (pl. 1). The properties 

originally were staked for uranium in 1956-57 by John Titus, and were acquired 

by Dean Webb in the early 1980's. Webb conducted a surface geochemical survey 

that delineated anomalous uranium, molybdenum, arsenic, and mercury in the 

host shale and was trying to market the property. but the uranium market 

declined and stopped any further development (Dean Webb, oral commun., 1984). 
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APPRAISAL OF SITES EXAMINED 

The sites examined are discussed in order of their relative resource 

importance. Exploration data for the Morey area indicate an extension of 

known resources into the study area. For the Fandango study area the resource 

appraisal is based on exploratory data that has not yet defined a resource. 

Morey study area 

Mining and prospecting within the Morey study area generally are related 

to activity in the Morey mining district along the northern boundary of the 

study area. The district lies about 1 mi within the northern boundary of the 

Hot Creek Valley caldera complex. Mineralization is thought to have occurred 

along fracture systems caused in pre-existing structures by caldera collapse 

and possible resurgent doming (Garratt Geoservices, 1982, p. 16). Past silver 

production from the district was from veins in a typically east-striking 

fracture system that dips steeply to the south. The veins occur. in rhyolitic 

tuff, are generally discontinuous along strike, and are up to 6 ft wide. 

Surface geochemical anomalies of lead, silver, and molybdenum, which were 

interpreted by IMC for the Morey mineralized area (Britton, 1970, pl. II), 

extend into the Morey study area in the Wist area (fig. 2). 

Access to the Wist area is by an unmaintained dirt road from the Morey 

townsite via North Canyon. Several road cuts and bulldozer cuts cross this 

area, but the main veins are exposed by three 4- to 8-ft-deep pits, a 

22-ft-deep shaft, and a l80-ft-long opencut (fig. 3). A 10--ft-long adit, 

about 2,000 ft southeast of the other workings, also is discussed here because 

of proximity and similarity of occurrence. Veins at these prospects typically 

strike east, dip steeply to the south, and occur in rhyolitic tuff. Assay 

data for 7 of 10 samples taken at the prospects show silver values ranging 
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Figure 3.--Wist area, showing localities and assay data for samples 1-10. 

14 



from 0.9 to 11.3 oz/t. Lead, zinc, manganese, molybdenum, tin, and gold were 

also detected (fig. 3, table). Exploration data and the geochemical anomalies 

shown in figure 2 suggest that a low-grade silver deposit possibly exists in 

the wist area, as an extension into the Morey study area of resources from the 

Morey mining district. How far the mineralized area proj ects into the study 

area has not been determined. Garratt Geoservices (1982, p. 22) speculated 

that the wist area is a down dropped fault block and Britton (1970, p. 8) 

reported that a "large inferred structure [fault] in South Canyon 

separates the tuffs in the Morey area from other volcanics to the south." 

This interpretation, if correct, suggests that the mineralized area in the 

Morey district may not extend very far into the Morey study area. A 

300-ft-long bulldozer cut, about 2,500 ft west of the wist workings (fig. 2) 

exposes no veins or faults and suggests that the cut either missed any 

existing mineralized structures or that the structures do not extend that far. 

The Bhum prospects are southeast of the wist area across South Canyon 

(fig. 2). The prospects are within the Morey study area and can be reached by 

foot, either from the Wist area or from a dirt road that runs from Morey along 

the eastern base of the range; either route is 1 to 1 1/2 mi over very steep 

terrain. No production records were found for the workings, but the extent of 

the adits and amount of stoping suggest that some ore may have been produced. 

The prospects expose a generally east-striking mineralized fault system in 

rhyolitic tuff. Tuffaceous gouge in a fault zone is exposed in the main adit 

and in workings above (fig. 4); 8 of 11 samples taken across the zone show 

silver values ranging from 0.1 to 16.6 oz/t. Manganese values range from 0.13 

to 6.9%; minor lead, zinc, and molybdenum values, and traces of gold also were 

detected (fig. 4, table). A second adit and a shaft (fig. 5), about 1,000 ft 

15 



• 

S~I1;IP 1 Q ASS3:L dnln 11 

!~o . 1')'p" LC'nLlh Au A~ Ao Sn Hn Ho 
(tt) oz/t rn::il'l ~unless noled as 

13 Chip 3.0 Ie 4.4 0.060l:. 1. 21. 11 

1. do. 2.0 .5 .018l:. .5n 7.5 

15 do. .8 .8 .069'1. .651. 2.9 

16 do. 3.0 Tr • B • 280l:. 1. 5l:. 11 

17 do. 3.8 • 037'1. .43l:. 13 

1B do. 4.2 3.7 • 057l:. 3.7l:. 24 

19 do. 3.0 Ir • <\ .034'1. .281. 16 

20 do. 3.9 Tr . 4 • 027l:. .79l:. 11 

Zl do. 3.S Tr 46. .16l:. 8.1 

22 do. .3 Tr .3 .032'1. 6.9l:. 34 

23 do. 1.6 35. .131. 

z. do. 2.8 Tr .6 .257l:. 1.2l:. 5.1 

25 do. 1.3 Tr .1 . 028l:. .31l:. 3.0 

26 do. • B 0.01 16.6 • 196'1. 1. 2l:. 28 

l/$jJt';l[!lc!> \.,lor£! also nooli:',:lC'u for "E. but all values \.,Iere lc!:"s than 

Figure 4.--Bhum prospects, main adit and 

• 

Pb Zn 
'I.) 

0.34l:. 0.15l:. 

. Ill:. . 13'1. 

.18l:. .1Ol:. 

.25'1. .25l:. 

.70 .23l:. 

.19l:. .2Bl:. 

.16'1. 950 

.17'1 • .11l:. 

380 

.41l:. .26l:. 

180 

.24l:. .53l:. 

340 .13l:. 

2.4l:. .64'1. 

EEm. 

20 FEET 

are filled with 
waste rock, no fault 

zone 

22 

20 

23 

Remarks 

Faul t zone in rhyolitic tuff; abundant 
limonite, hematile, and HnO st(Jininbo 

Do . 

2-in.-wide fracture in rhyolitic tuff; 
abundant 1 imoni tc t hcmati to and 
MnO staining. 

Rhyolitic tuff f aul t gouge; vugr,y quartz 
and quartz stringers to 1 in. wide; 
abundant lin,oni lc. hematite. and 
HnO staining . 

Do. 

Do. 

Do • 

Do. 

Do. 

Do. 

Do. 

Rhyolitic tuff fault gougCj moderate 
limonite and rdnor knO !>taining. 

Do . 

Do • 

surface workings, showing localities 
and assay data for samples 13-26. 

16 



34 

29 

33 

!::;lmple 

!lo. TYj.Jc LeHblh Au Ag A" 
( III az/t 

27 Chip 0.2 0.1 0.0211. 

28 do. 1.7 .2 . 0181. 

29 do. 2.3 .0131. 

30 do. 1.1 .02~1. 

31 do. 1.0 .1201. 

32 do. .1 . 01~1. 

33 do. 1.3 .1 .0241. 

34 do. 2.0 .2 .0231. 

1/!:~Hn£1I..!s \Jere alzo ana. 1:i zed for liE. hut all 

Assay 
S" 

-
A 12 ft deep shaft 

above the drifl 
lhe surface 

28 

32 

datal I 
r'.n Mo Pb 

122m (unless noted as 'I.) 

6.11. 18 430 

• 6~')'. 4.3 .13')'. 

2.1')'. 5.7 190 

950 

.221. 4.1 

.231. 

.451. 100 

2.1')'. 9.4 .111. 

values were less than 2 12Ertl. 

o 20 FEET 

Zn 
Rcma rks 

820 Fraclure zone in rhyolilic 
tuff ; heillalile '-lnd HnO 
staining alone fracture!; . 

830 Do . 

.141. Rhyolitic tuff fault gouge: 
limonile, hematite and 
HnO staining. 

120 Do. 

65 Do. 

91 Do. 

200 Do. 

.111. Altered ['hyo 1 i lic tuff ; 
li!nonilc t abundunl hemali to 
and HnO staining. 

Figure 5.--Bhum prospects, adit and shaft. showing localities and assay data 
for samples 27-34. 

17 



southwest of the main adit, expose seve~al smalle~ faults. The smalle~ faults 

a~e along the fault system st~ike, but lead, zinc, and molybdenum values fo~ 

samples f~om the second adit a~e weake~, and silve~ and gold values a~e 

lacking (fig. 5, table). Su~vey and assay data fo~ the Bhum p~ospects 

indicate that silve~, lead, zinc, and molybdenum mine~alization has occu~~ed 

in discontinuous pods along the fault-vein system. Although a low-g~ade 

deposit could be p~esent, the mine~al values a~e too e~~atic to wa~~ant g~ade 

and tonnage estimations with the available data. 

The Donna Louise p~ospects a~e about 1/2 mi no~th-no~theast of the Bhum 

p~ospects, and a~e also wi thin the Mo~ey study a~ea (fig. 2). Access is by 

foot along a ~idge f~om the Bhum p~ospects o~ by hiking up a small d~ainage 

just south of South Canyon. The p~ospects a~e along a gene~ally east-st~iking 

mine~alized fault-vein system that dips steeply no~th in ~hyolitic tuff (fig. 

6). Assay data fo~ samples taken at the p~ospects (fig. 6, table) show that 

silve~--lead-zinc mine~alization, simila~ to that at the Bhum p~ospects, has 

occu~~ed along this system. A topog~aphic p~ojection of, and analytical data 

fo~, the two fault-vein systems suggest a continuous silve~-lead-zinc 

occu~~ence, which is 1 to 1 1/2 mi long, on the south side of South Canyon 

within the Mo~ey ~tudy a~ea. 

The B~igham claims a~e about 4 mi south of south Canyon, inside the 

easte~n bounda~y of the Mo~ey study a~ea (pl. 1). Access is by about 1 1/2 mi 

of jeep t~ail f~om a di~t ~oad in Hot C~eek Valley. The claims include two 

adits and seve~al p~ospect pits that expose an east-st~iking, nea~ly ve~tical, 

fault-vein system in ~hyolitic tuff. The wo~kings we~e cut at diffe~ent 

levels and follow the vein fo~ about 600 ft; g~ound cove~ p~evented t~acing 

the vein fa~the~. Assay data fo~ 8 of 15 samples taken ac~oss the vein show 
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silver values ranging from 0.2 to 1.8 oz/t. Manganese and lead values range 

from 450 to 123,000 ppm (0.045 to 12.3%) and from below detection (less than 

100 ppm) to 101,000 ppm (less than 0.01 to 10.1%), respectively. Tin, 

molybdenum, zinc, and traces of gold also were detected (fig. 7, table). 

Although lesser amounts of all the constituents were detected in the lower 

adit, the assay data indicate that silver-lead mineralization, similar to that 

found in the Morey district, has occurred in the Brigham vein in the Morey 

study area. 

Fandango study area 

Mining activity within the Fandango study area is centered on the CL 

claim group in the northeastern part of the study area (pl. 1). Access Lo the 

claims is by 20-25 mi of improved and unimproved dirt roads from U. S. Highway 

6. As discussed in the Mining History section of this report, the claims 

currently are being explored by Long Lac Mineral Exploration, Inc. Long Lac's 

initial exploration programs identified areas with potential mineral 

resources: 1) barium, zinc, lead, and silver; 2) zinc, lead, and silver; and 

3) low-grade, large-tonnage (bulk--tonnage) gold, and anomalous molybdenum 

(fig. 8). Mineralization in the bulk-tonnage gold area is associated with a 

north--striking, west-dipping j asperoid thrust-fault breccia, which may be 

related to the Roberts Mountains Thrust. Since 1984, Long Lac has been 

drilling in this area, trying to delineate a deposit. Many of the drill holes 

did not reach the projected target because the fractured underlying strata 

prohibited the recovery of drill hole cuttings and the drilling was stopped 

short. Although the drilling results for the primar:'y target were not 

satisfactory, two drill holes intersected a northeast-striking, 

southeast-dipping, gold-enriched zone. DH-13 (fig. 8), one of the two holes, 
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had a 45-ft interval with an average gold value of 0.016 oz/t; assay values 

ranged from 0.008 to 0.022 oz/t for individual 5-ft intervals. Long Lac's 

projection of the horizon indicated that it should crop out within the 

bulk-tonnage gold area, but colluvium covers the area of the projected surface 

exposure. In July 1985, exploration was continuing. (R.E. Bennett, Jr., oral 

and written cornrnun., 1984 and 1985) 

During the Bureau of Mines field investigation of the CL claims, 24 chip 

samples were taken from outcrops of, or prospects in, jasperoid. The samples 

were analyzed for gold, silver, mercury, arsenic, antimony, barium, and 

thallium (table 1, samples 71-94). No gold was detected and only two samples 

contained detectable silver (table 1). Three elements used as indicators for 

disseminated gold deposits, mercury, arsenic, and antimony, were detected in 

amounts that are considered anomalous at other known deposits in similar 

geologic environments (Silberman, 1982, p. 136-137). Mercury values greater 

than 2 ppm were detected in 10 samples; the highest value was 72 ppm. Arsenic 

values were detected in all 24 samples; 9 values were greater than 300 ppm and 

the highest was 2,790 ppm. Antimony values greater than 2 ppm were detected 

in 19 samples; 11 values were greater than 30 ppm and the highest value was 

390 ppm. A thallium value greater than 0.01% was detected in one sample and 

barium values greater than 0.05% were detected in three samples (table 1). 

Although no gold was detected in samples taken by the Bureau, the 

distribution and level of mercury, arsenic, and antimony values, and the 

geologic environment, suggest that the northeastern corner of the Fandango 

study area is a good exploration target for a disseminated gold deposit. 

Exploration and drill hole information submitted by Long Lac indicates that a 

low-grade gold occurrence exists at depth in this area. 
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Three adits in a tributary to North Sixmile Canyon on the CL claims are 

within the Fandango study area (pI. 1) were surveyed and sampled by Bureau 

personnel (figs. 9, 10). This locality is the old Lead Pipe property, which 

reportedly produced some high-grade lead ore during World War I (Kral, 1951, 

p. 134-135). The workings were driven into slightly silicified carbonate rock 

at three different levels and do not appear to be on a common structure. 

Twenty-one samples were taken from the workings. Gold was detected in 

one sample (lower working, sample 98, 0.055 ppm (0.0016 oz/t», but silver was 

detected in all the workings with values ranging from 0.360 to 3.815 ppm (0.01 

to .11 oz/t). The spectrographic analysis of samples from the upper adit 

showed zinc values for all 12 samples; 1 sample contained more than 10'7. zinc. 

The other samples were analyzed by rep for zinc and all nine of the samples 

had z inc values (f rom 0.11 '7. to 26.3'7.). Spectrographic analyses also showed 

magnesium values for all samples taken from the middle and lower workings 

(from 2'7. to more than 10'7.), and lead was detected in all but 2 samples from 

the lower working (from 0.02% to more than 10%). 

Long Lac's exploration of the area identified a potential for zinc, lead, 

and silver resources in the vicinity of the Lead Pipe workings (fig. 8). 

Bureau data indicate that a zinc-Iead--silver occurrence exists at these 

workings. The Bureau t s survey detected metal values in all the workings, but 

the values were too spotty to calculate grade and tonnage except for the 

middle adi t . By projecting the mineralized structure 10 ft beyond the adit 

walls. and applying analytical and survey data for samples from the middle 

adit, an estimated 200 tons of ore containing 12.6'7. zinc and 1. 93 ppm (0.06 

oz/t) silver are in place. The combined data suggest that a small 

zinc-lead-silver deposit is present at this locality. 
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COMMODITY HIGHLIGHTS 

Mine~al commodities identified as possible ~esou~ces within the Fandango 

and Mo~ey study a~eas a~e silve~, gold, lead, and zinc. statistics ~ega~ding 

domestic p~oduction and consumption of these commodities a~e p~esented in 

table 2 and a~e included as a guide to cu~~ent (1985) commodity wo~th. 

CONCLUSION 

Mining and explo~ation company info~ation fo~ the Mo~ey mining dist~ict 

indicate that an uneconomic silve~, lead, and zinc deposit exists in 

east-st~iking veins in ~hyolitic tuff, outside but along the no~the~n bounda~y 

of the Mo~ey study a~ea. Geophysical and d~ill hole data indicate that a 

la~ge disseminated i~on sulfide body exists beneath the dist~ict, and silve~, 

lead, and molybdenum geochemical anomalies associated with this sulfide 

mine~alization extend into the no~the~n pa~t of the Mo~ey study a~ea in South 

Canyon. Although it has been suggested that a fault may te~inate the 

extension of the mine~alized a~ea, Bu~eau of Mines su~veys of wo~kings in 

South Canyon show that low values of silve~, lead, and zinc, with associated 

molybdenum and tin, OCCUI:" in east-·st~iking veins in ~hyolitic t.uff in the 

study a~ea. The analytical data, geological simila~it.y, and p~oximity to 

known deposits suggest that deposits of low-g~ade silve~, lead, and zinc could 

exist in the no~the~n pa~t of the Mo~ey study a~ea along South Canyon. 

Analytical data and field su~veys show that a silve~-·lead mine~alized 

vein is p~esent on the B~igham claims within the study a~ea, about 4 mi south 

of South Canyon. The occu~~ence is geologically simila~ to silve~-lead-zinc 

occu~~ences in South Canyon and the Mo~ey mining dist~ict, which suggests that 

a low-g~ade silve~-lead deposit could be p~esent in the easte~n pa~t of the 

Mo~ey study a~ea. 
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Exploration by Long Lac Mineral Exploration, Inc., on the CL claims 

identified a potential large-tonnage, low-grade gold resource in the 

northeastern part of the Fandango study area. The Bureau' s survey of the 

claims detected no gold, but the distribution and level of mercury, arsenic, 

and antimony values, in conjunction with the geologic environment, suggest a 

good exploration target for a disseminated gold deposit. Assay data from one 

of Long Lac' s drill holes shows an average grade of 0.016 oz/t of gold in a 

4S-ft intercept. This value is below the current domestic mining grade range 

for gold (0.02-.23 oz/t), but suggests that a gold deposit is present within 

the Fandango study area. It is not known if the deposit is an economical 

resource because its size, depth, and average grade are not yet known; Long 

Lac is continuing its drilling program to further define the deposit. 

A small amount of lead production has been reported for three adits on 

the CL claims in the Fandango study area. Long Lac's exploration of the area 

identified a potential for zinc, lead, and silver resources, and a small 

zinc-Iead-·silver deposit has been identified by Bureau data. This information 

suggests that a zinc-lead-silver resource could exist in the northeastern part 

of the Fandango study area. 

RECOMMENDATIONS FOR FURTHER STUDY 

Additional studies are recommended for the South Canyon area in the 

northern part of the Morey study area. The Wist, Bhum, and Donna Louise 

prospects are on mineralized vein systems that may be extensions into the 

Morey study area of mineralization that occurred in the Morey mining 

district. The extent of the veins and their interrelationship are unknown. A 

geophysical survey to trace the veins and detailed soil geochemical sampling 

to see if the unexplored part of the veins have anomalous mineral 
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concent~ations would be the next steps. If these su~veys have positive 

~esults. an explo~ato~y d~illing p~og~am would define any deposits along the 

veins. 

Continued contact with companies explo~ing on the CL claims in the 

Fandango study a~ea is also ~ecommended. If a deposit is defined, but is 

deemed uneconomical, a ~eco~d should be kept because highe~ gold p~ices o~ 

advances in mining technology may make futu~e development possible. 
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LV 
N 

No. 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

Table 1.--Analytical data for jasperoid samples 71-94, taken on the CL claims. 

[NA, not applicable; ---, analyzed for but not detected; lower detection limits - silver (Ag) , 0.3 ppm; 
mercury, (Hg), 2 ppm; arsenic (As), 2 ppm; antimony (Sb), 2 ppm, barium (Ba), 0.01%; samples were also 
analyzed for gold (Au) and thallium (TI), but all contained less than lower detection limits (Au <0.007; 
TI <0.01%), except sample 75 ] 

Sample 
Type Length Ag 

(ft) 

Chip 2.8 

do. 1.5 

do. 2.5 

do. 4.2 

do. 4.3 

do. 1.0 

do. random 

do. 1.7 

do. random 

do. 1.4 

do. random 

Assay data 
Hg As Sb 

(ppm, unless noted as %) 

8 0.010% 6.0 

72 92 9.5 

15.1 

.010% 

58 .033% .03910 

7 

56 18.0 

4 .032% .03510 

6 .01610 . 012% 

58 18.0 

2 85 27.3 

Ba 

0.0310 

.03% 

.3210 

.0210 

. 01% 

Remarks 

Jasperoid breccia, silicified tuffaceous 
and carbonate rock, limonite and 
hematite staining. 

Do. 

Do. 

Do. 

Jasperoid breccia, silicified tuffaceous 
and carbonate rock, limonite and 
hematite staining; TI, 0.021%. 

Fault contact between limestone and 
silicified brecciated limestone, 
abundant hematite staining. 

Jasperoid breccia, silicified tuffaceous 
and carbonate rock, limonite and 
hematite staining . 

Do . 

Do. 

Do. 

Do. 



Table 1.--Analytical data for jasperoid samples 71-94, taken on the CL claims--Continued 

Sam~le Assay data 
No. Type Length Ag Hg As Sb Ba 

(ft) (ppm, unless noted as %) Remarks ---- -

82 Chip 2.0 0.016% 33.0 0.01% Jasperoid breccia, silicified tuffaceous 
and carbonate rock, limonite and 
hematite . 

83 do. random 7 . 032% .011% .01% Do . 

84 do. 1.7 24 . 074% .014% .02% Do. 

85 do. random 0.370 64 60 Do. 

86 do. 3.1 29 .232% .011% .02% Do. 

87 do. 2.2 .279% .020% .05% Do. 

w 
w 88 do. random .0701'0 62 .02% Do. 

89 do. 1.0 61 Highly fractured limestone, minor silica 
veinlets and chert; hematite. 

90 Select NA .172% 15.7 Do. 

91 Chip 2.3 .017% 3.0 .02% Jasperoid breccia, silicified tuffaceous 
and carbonate rock, limonite and 
hematite . 

92 Select NA .010% 5.0 . 041'0 Do. 

93 Chip 3.0 .012% 3.0 .71% Shaley. leached and altered sedimentary 
rock, cherty zones . 

94 do. 3.0 . 420 .047% . 31% Do . 



LV 
.jO--

Table 2.--Statistics fo~ the p~ima~y metallic commodities in the Fandango and Mo~ey study a~eas, Nye County, Nevada. 
Data a~e fLom the u.s. BULeau of Mines MineLal Commodity Summaries (1985), unless noted otherwise. 

(oz, tLOy ounces; oz/t, t~oy ounces pe~ sho~t ton; OZ/yd3 , tLOy ounces pe~ cubic ya~d; mt, met~ic tons; lb, pound; $, u.s. dollars] 

Ave~age Domestic Net Average 
domestic mine Appa~ent Majo~ impo~t domestic Expected U.S. 

mining g~ade pr-oduction consumption impor-t ~eliance p~ice demand thLough 
Commodity ~r-angel II ~estimatedl ~estimatedl sour-ces ~~l 2/ ~~/unitl 31 1990 Major- uses 

Silver- Nevada, Montana 43,000,000 150,000,000 Canada 61 6.09/0z Annual incr-ease Photogr-aphy, electr-ica1 and 
1.8-2.0 oz/t oz oz Mexico r-ate of 2.2~ electr-onic pr-oducts, 

Idaho, other-s Per-u ste~lingwar-e, e1ectr-oplate, 
9.4-10.1 oz/t United jewelr-y, br-azing alloys and 

Kingdom solder-so 

Gold Lode, 0.06 oz/t 3,000,000 4,900,000 Canada 16 318.37/0z Annual incr-ease Jewelr-y and ar-ts, industr-ial, 
(0.02-.23 oz/t) oz oz Rep. of r-ate of 2.01. dental, investment. 

Placer-, South Af~ica 
0.007 oz/yd3 U.S.S.R. 

Lead Pr-imar-y, 6.58~ 470,000 1,000,000 Per-u 18 .19-.26/1b Annual incr-ease T~anspor-tation, constr-uction, 
(5.0-7.51.) mt mt Hondu~as r-ate of 1.31. ammunition, electr-ical, TV 

By-p~oduct, 4.891. Mexico glass, paint. 
(3.5-7.51.) Canada 

Austr-alla 

Zinc P~imar-y and 300,000 1,030,000 Canada 67 .41-.47/Ib Annual inc~ease Constr-uction materials, 
by-produc t, 3.81. mt mt Per-u rate of 2.21. t~anspor-tation, machine~y, 

(3.0-6.0%) Mexico elec tr-ical. 
AustLalia 

11 Aver-age mining gr-ades ar-e fLom U.S. Bur-eau of Mines, Miner-a1s Availability Field Office, Denver-, ColoLado (Thomas and Boyle, 1985; KilgoLe and 
other-s, 1983). 

1/ Net impor-t Leliance is equal to: impor-ts minus expoLts plus adjustments for goveLnment and industr-y stock changes; 
~I Aver-age domestic pr-ices aLe for- week ending July 19, 1985, fLom The Mining Recor-d, July 31, 1985, vol. 97, no. 31, Denver-,Color-ado. 



w 
V1 

No. 

11 

12 

35 

36 

37 

38 

Table 3.--Analytical data for samples 11, 12, 35-38, not listed in other tables, or discussed in text. 

[NAt not applicable; ---, analyzed for but not detected; lower detection limits - arsenic (As). 5 ppm; 
manganese (Mn), 5 ppm; lead (Pb), 30 ppm; zinc (Zn), 5 ppm; gold, 0.01 oz/t; silver, 0.1 oz/t; mercury, 
2 ppm; molybdenum, 1 ppm; tin,S ppm; samples were also analyzed for gold, silver, mercury, molybdenum, 
and tin, but all contained less than lower detection limits1 

Sample Assay data 
Type Length As Mn Pb 

(ft) (ppm, unless noted as %) 

Chip 2.0 13.6 0.081% 

do. 1.5 7.5 .023% 

do. 1.0 59 .075% 

Select NA 70 .056% 

Chip 1.5 .137% 1.3% 0.13% 

do. 1.0 . 116% 2.4% .039% 

Zn 

0.014% 

46 

.011% 

40 

.31% 

.2610 

Remarks 

Quartz veinlets and stringers in rhyolitic 
tuff, altered and vuggy; abundant 
limonite staining. 

Do. 

Brecciated rhyolitic tuff; minor limonite 
and hematite, moderate manganese-oxide 
staining. 

Dump sample, rhyolitic tuff with limonite 
and manganese-oxide staining. 

Fault zone in rhyolitic tuff, abundant 
iron- and manganese-oxide staining, 
quartz veinlets to 1/2-in. in thickness . 

Do. 



APPENDIX A--·Semiquantitative optical emission spectrographic analysis 
detection limits. u.s. Bureau of Mines. Reno Research Center. 

Detec tion limit Detection limit 
Element (percent) Element (percent) 

Ag 0.002 Mo 0.0001 

Al .001 Na .3 

As .01 Nb .007 

Au .002 Ni .0005 

B .003 P .7 

Ba .002 Pb .001 

Be .0001 Pt .0001 

Bi .01 Re .0006 

Ca .05 Sb .06 

Cd .0005 Sc .0004 

Co .001 si .0006 

Cr .0003 Sn .001 

Cu .0006 Sr .0001 

Fe .0006 Ta .02 

Ga .0002 Te .04 

K 2.0 Ti .03 

La .01 V .005 

Li .002 Zn .0001 

Mg .0001 Zr .003 

Mn .001 Y .0009 

These detection limits represent an ideal situation. In actual analyses. the 
detection limits vary with the composition of the material analyzed. These 
numbers are to be used only as a guide. 
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1 
Element 

W 
:--J 

fiG 

, ... t 
AS 
AU 
1< 
TiA 
hE 
[<I 
[;1'1 

CD 
CO 
CR 
CU 
n: 
Gr. 
I, 
LA 
L1 
MG 
Jill 
110 
NA 
/-If< 
NI 
P 
PB 
PD 
PT 
SB 
SC 
51 
SN 
!;R 
TA 
TE 
TI 
V 
Y 
ZII 
ZR 

<.0005 
)4. 

• 1 
<.002 

.01 
.007 
.001 
<.01 
<.05 

<.ooos 
<.001 
<.ooo~ 

<.0006 
" . '-' 

<.000:' 
>10. 
<.01 

.02 
.4 

>3. 
<.0001 

<.3 
<.01 

<.0002 
<.7 

<.002 
<.0001 
<.0006 

<.06 
<.0004 

>10. 
<.0006 

.0003 
<.02 
<.04 
<.06 

<.005 
<.0009 

.2 
<.003 

3 

<.ooos 
) 4. 
.00 

<.002 
.01 

.007 

.001 
<.01 
<.05 

<.007 
<.001 

.001 
<.0006 

2. 
<.0002 

>10. 
<.01 
>.04 

.2 
)1. 

<.0001 
<'3 

<.007 
<.0002 

<.7 
<.002 

<.0001 
<.0006 

<.06 
<.0004 

>10. 
<.0006 

.0004 
<.02 
<.07 
<.04 

<.005 
<'0009 

.1 
<.003 

Appendix B.--Semiquantitative optical emission spectrographic analytical results, 
analyses completed by the U.S. Bureau of Mines, Research Center, Reno, Nevada. 

«, less than; >, greater than) 

5 

<.004 

<.07 
<.002 
<.009 

.06 
.0008 
<.01 
<.07 

<.0007 
<.00] 

<.0(,07 
<.0006 

2. 
<.0002 

>10. 
<.01 
>.03 

<.005 
>10. 

<.0001 
<.3 

<.007 
<.0004 

<.7 ..., 
<.0001 
<.0006 

/ ..., ....... ..:... 

<.0004 
)10. 

<.001 
.001 
<.02 
<.04 
<.03 

<.005 
<.0009 

<.003 

7 

<.0005 
>3. 
.07 

(,002 
<.008 

.005 

.001 
<.01 
<.05 

<.0005 
<.001 

<.0009 
<.0006 

2. 
<. OO? 

]0. 
.0] 
.>. ] 

.04 

<.0001 
<.3 

<.007 
<.0002 

<'7 
<.002 

<.0001 
<.0006 

<.1 
<.0004 

>10. 
<.0008 

.0009 

9 

::. ('Ut, 

..;". J 
.0(,·1 
.02 

•• ~J 

.003 
<.oS' 

':::. (J 

<.0] 
<.001 

.O()2 

.00~ 
]i). 

• ('v? 
1\). 
• OJ. 

,0::" 

-1 
":--"1' • 

<.0001 
< .. 3 

<.O~ 

<.001 
<1. 

.D 
<.0001 

<.001 ..... ~ 
<.0004 

)10. 
<.03 

.06 
<.02 <.02 
<.08 <.08 
<.03 .2 

<.005 .02 
<.0009 <.0009 

• 1 ~ ::: 
<.003 <.003 

11 

<.01 

)4. 
<.06 

<.002 
<.O~ 

.03 
.002 
<.01 

<.4 
<.0005 

<.001 
(.0004 
<.0006 

5. 
<.0005 

>10. 
<.0 

.0 
<.00 

>10. 
<.000] 

<.3 
<.007 
<.002 

<.7 
.04 

<.0001 
<.001 

<.2 
<.0004 

>10. 
<.006 

.08 

13 

<.01 
>3. 

<.07 
<.OO? 
<.003 

.06 
.OOOR 
<.01 
<.O-~ 

<.001 
<.00] 

(.0003 
. (,(,1 

,~ 

<. O(J()~· 
>Jo. 
.:.:.01 

<.007 
.:l 

>n. 
~.0001 

~.~ 

~.007 

<.OO? 
<.7 

.4 
<.oonl 
<.0006 

-<.2 
<.0004 

>10. 
<.004 

.00;> 
(.02 .02 
<.04 .04 
<.05 .06 

<.005 <.005 
-<.0009 <"000'1 

.3 .3 
.05 <.OQ3 

Sample number 
14 15 16 
Concentration, % 

:::. OOO~"i 
>.q • 
.0:: 

<".00::: 
.OJ 

.1 
.0006 
<.01 

.' .. ()~ 
(.ooo~; 

<.001 
<.on0~ 
<.O()()A 

.ODC)7 
".-10. 
.:: • () I 

.-. (jO~) 

.~ 

·:·3. 
<.0001 

;.7 
<.01 

<.0007 
<.7 
.) 

~.OOOl 

<.0006 
<.08 

<. on4 
10. 
009 

.00) 

<.003 
>4. 

.1 
<.002 
.(. 008 

.2 
.0007 
<.02 

<.2 
<.002 
<.001 

<.0003 
<.0006 

4. 
<.000? 

>10. 
<.01 

<.004 
.4 

<.0001 
<.3 

<.009 
<.002 

<.7 

<.0001 
<.0006 

<.1 
<.0004 

>10. 
<.002 
.0005 

(.02 <.02 
~.04 <.04 

.OR .1 
<.005 <.005 

<.0009 <.0009 
.2 .3 

<.003 <.003 

<.ooos 
1. 

..., 
.~ 

<.002 
<.003 

.005 
<.0002 

<.01 
<.05 
<.02 

<.001 
<.0003 
~.0006 

3. 
-::. OOO~~ 

9. 
<.01 

<.002 
.2 

>8. 
·':.0001 

<.3 
<.007 

<.OOOS 
<.7 

.1 
(.0001 
<.0006 

<.06 
<.0004 

>10. 
<.0006 

.001 
<.02 
<.04 
<.03 

<.005 
<.0009 

.4 
<.003 

18 

<.008 
>3. 

<.09 
<.002 

<.01 
.05 

.0003 
<.01 
<.05 

<:.OO;! 
<.001 

<.0003 
<.0006 

4. 
<.0002 

'I. 
<.01 

.01 
<.OOB 

>10. 
<.0001 

<.3 
<.007 

.001 
<.7 

" .~ 

<. 0001 
<.0006 

<.1 
<.0004 

>10. 
<.001 

.01 
<.02 
<.04 
<.03 

<.005 
<.0009 

.4 
<.003 

20 

<.001 
>3. 

<.03 
<.002 

.01 
.1 

.0007 
<.01 
<.05 

<.0005 
<.001 

<.0003 
<.0006 

3. 
<.0002 

10. 
<.01 

.02 

>6. 
<.0001 

<.3 
<.007 
<.001 

<.7 
.2 

<.0001 
<.0006 

<.09 
<.0004 

>10. 
<.001 

.003 
<.02 
<.0::; 

.08 
<.005 

<.0009 

<.003 

22 

<.0008 
>3. 

<.OB 
<.002 
<.006 

.3 
<.0001 

<.01 

24 

<..0007 
>·3 .. 

.3 
<.002 
<.008 

.05 
.0005 
<.01 

<.1 <.06 
<.002 <.003 
<.001 <.001 

<.0003 <.0003 
<.0006 ' <.0006 

5.' 3. 
<.0002 

3. 
<.01 

<.005 
<.03 
>10. 

<.0001 
<.3 

<.007 
<'003 

<.7 
.3 

<.0001 
<.0006 

<.1 
<.0004 

>10. 
<.004 

.01 
<.02 
<.04 
<.04 

<.005 
<.0009 

.., 
.~ 

<.003 

<.000;> 
10. 

<.01 
<.002 

.2 
>7. 

<.0001 
<.3 

<.007 
<.001 

< .. 7 
.1 

<.0001 
<.0006 

<.1 
<.0004 

>10. 
<.001 

.001 
<.02 
<.04 
<.05 

<.005 
<.0009 

<.003 

25 

<.0005 
>3. 
.03 

<.002 
.009 
.08 

<.0001 
<.01 
<.05 

<.0005 
<'001 

<.0003 
<. DOD!, 

,~, .. 
<.OOO? 

~ .. 
<.01 

<.004 
.6 

>2. 
<.0001 

< .. 3 
<.007 

<.0002 
<t7 
.02 

<.0001 
<.0006 

<.06 
<.0004 

>10. 
<.0006 

.0001 
<.o? 
<'04 
<.07 

<.005 
<.0009 

.3 
<.oo~ 

28 

<" .. O(jO~J 
:·A .. 

<.0 
<.00 

.0 

.07 
.. 00(,:-; 
<.01 

<.1 
..:: .. 0()O~, 

<.001 
: ...... ~,(,03 

-:.: * ~)()\)6 
3. 

<.0002 
10. 

·.:.01 
<: .. \)():.~ 

.1 
>4. 

<.0001 
4. 

<.01 
<.001 

<.7 
.1 

<.0001 
<.0006 

<.09 
<.0004 

>10. 
<.001 

.001 
<.02 
<.04 

.1 
<.005 

<.0009 
.1 

<.003 

30 

<.oooc. 
>4. 

<.01 
"::.002 

.01 

.06 
<.0001 

':.01 

<.0005 
<.002 

~.0003 

~t0006 
~. 

<. OOL: 
10. 
.01 

<.()O~ 

.4 

.3 
<.0001 

3. 
<.007 

<.0005 
<.7 

<.002 
<.0001 
<.0006 

<,06 
<.0004 

>10. 
<.001 

.002 
<.02 
<.04 

.2 
.01 

<.0009 
.03 

<.003 

31 

<.0005 
>3 • 

.J 
<.002 

.02 

.06 
.0007 
<.01 .., , .. 

<.003 
<.001 

<.0003 
<.0006 

2 • 
<.0002 

)10 • 
<.01 

<.003 
.3 
.9 

<.0001 
<.3 

<.01 
<.0003 

<,7 
<.002 

<.0001 
<.0006 

<.06 
<.0004 

>10. 
<.0006 

.002 
<.02 
<.04 

.08 
<.005 

<.0009 
.02 

<.003 



Element 

w 
OJ 

fiG 

tiL 
'r 

1"1"> 

(,ll 
l) 

Bfl 
lJC 
HI 
CA 
cn 
CD 
cr, 
ell 
n: 
GA 
1\ 
LA 
L1 
MG 
Mil 
1m 
lJA 
lHi 
iH 
P 
PB 
PI) 

PT 
SB 
SC 
S1 
:m 
!3f\ 
TA 
TE 
TI 
V 
Y 
Ztl 
zr, 

33 

• (,DO:'. 
·1. 

f 0:, 
": • (i(l;? 

.(J:! 

.:' 
• (1I,J()7 
':.01 
<.? 

<. (,OO~j 
-·:.OCtl 

· f,CO:; 
<. \I(!\)h 

:L 
002 
JO. 
.i)"l 

.O()3 . :, 
>3. 

<.0001 
<.3 

~.01 

<.0002 
<.7 
.02 

<.0001 
<.OOOb 

<.Ot, 
<.0004 

)10. 
<.003 

.001 
(.02 
<.04 

.1 
<.005 

<.0009 
.04 

";.003 

34 35 

<.000:; .:. OOOlJ 
',4. :.' 4. 

<.07:.009 
<.OO~ 
<.003 

.0] 
.0007 
<.OJ 
(.()~ 

.O()()5 
<.001 

.:' • ()('i"':~ 

'. "(JO!. 
:, . 

: .• ()(}O:;~ 

;'JO. 
<", () l 

<.()O;-, 

< .O~j 
>J{). 

<.GOOI 
<.3 

<.007 
-<. O(j~~. 

<.7 -. 
.~ 

<.000] 
<.0006 

< .1 

<.0004 
>10. 

<.004 
.001 

<.002 
.OJ 
.05 

.001 
<.03 
<.05 

<.OOO~ 

<.001 
.002 

<.OOOb 
2. 

<.0002 
>10. 
<.01 
>.06 

• 7 
.6 

<.0001 
<.3 

<.007 
<.0003 

<.7 
<.002 

<.0001 
<.0006 

<.06 
<.0004 

>10. 
<.0000 

.0002 
~.O? <.02 
<.o~ <.04 

.08 .1 
<.oo~ <.005 

<.0009 <.0009 
.2 .07 

<.003 .004 

36 37 

-.:-. OOO~, ·· ..• 000:; 
"::3. :."fi. 

··::.01 .03 
<.002 

.01 

.03 
.001 
<.01 
<.05 

<.0005 
<.OOJ 

.001 
<.0006 

';'" 002 
10. 
.01 
.0(, 
.3 
.3 

<.0001 
<.3 

<.007 
<.000.2 

<.7 
<.002 

<.0001 
<.OOOb 

<.06 
<.0004 

>10. 
<.0006 
<.0001 

<.O~ 

<.04 
<.06 

<.oo!'-} 
<.0009 

.03 
<.003 

<.00':' 
.01 
.2 

.OOJ 
<.01 

.3 
(.0005 
<.001 

<.0009 
<.0006 

3. 
<.0002 

<10. 
(.01 

<.002 
.7 

>1. 
<.0001 

<.4 
<.009 

<.0002 
<.7 

<.004 
(.0001 
<.OOOb 

<.06 
<.0004 

)10. 
<.001 

.004 
<.02 
<.04 

<.005 
<.0009 

.2 
".003 

38 41 

.oo~ ·:.0000 
~4. )3. 

.3 .O~ 

.007 
<.00:'; 

• 04 
.0004 
<.04 
<.05 
<.03 

<.001 
.O(il 

<.0006 
-,. 

<.0006 
:. J O. 

<.OJ 
.006 

.3 
>10. 

{.OOOI 
<.3 

<.007 
<.001 

<.7 
.07 

<.0001 
<.0008 

<.06 
<.0004 

>10. 
-(.005 

.003 
<.02 
{.04 

.1 
<.008 

<.0009 
.3 

(.003 

<. oo~~ 
• CII 
.02 

.001 
<.01 
<.os 

<.003 
<.001 

.oos 
<.OOO{, 

<.0007 
I,) • 
.01 
.00 

.1 

.7 
<.0001 

<.~ 

<.007 
<.0003 

<.7 
.2 

<.0001 
<.OOOb 

<.06 
<.0004 

>10. 
<.007 

<.0001 
<.02 

<.04 
<.005 

<.0009 
.1 

<.003 

Sample number 
42 43 44 
Concentration, % 

• (J(':~ 

. 4. 
.Ob 

<.002 
.009 

0" 

.001 
<.01 
<.05 

<.004 
<.001 

.O()3 

.DOI 
3. 

<.0005 
10. 
• (j 1 

.:' .0.'., 

.2 
"'~ , .. "J. 

<.('C,Ol 
<.3 

<.007 
<.001 

<.7 
.4 

<.0001 
<.0006 

<.09 
<.0004 

>10. 
001 
002 
.02 
.08 
.08 

<.005 
<.0009 

.4 
<.003 

(.()OG~ 

>4. 
<.01 

/.002 
<.007 

• 1 
.0006 
<.01 
<.05 

<.OOO~ 

<.001 
<.0004 
<.OOOb 

3. 
{.000~ 

··10. 
<. (,1 

<.002 
.7 
• 1 

<.0001 

<.007 
<.0002 

<.7 
<.002 

<.0001 
<.0006 

<.06 
<.0004 

>10. 
<.0006 

.001 
·<.02 
<.04 

.09 
<.005 

<.0009 
• 1 

<.003 

:.:.OOO!:, 

>4. 
<.01 

<.002 
<.003 

.09 
.001 
<.01 
<.06 

.0007 
<.001 

<.0003 
<.0006 

4 • 
<.0002 

>10. 
<.01 

<.002 
.6 
6. 

<.0 01 
.3 

<. 07 
<.0 06 

.7 

.2 
<.0001 
<.0006 

<: .1 
<.0004 

>10. 
<.002 
.0006 
<.02 
<.04 

.1 
<.005 

<.0009 
.6 

<.003 

47 

<.000:; 
':-3. 

<.03 
<.002 
<.006 

.06 
.000b 
<.01 
<.05 

<.001 
<.001 

<.0004 
<.0006 

3. 
<.0002 

>10. 
<.01 

<.002 
.7 

>2. 
<.0001 

<.3 
<.007 

<.0004 
<.7 

'" . .., 
<'0001 
<.0006 

<.06 
<.0004 

>10. 
<.0006 
<.0001 

<.02 
<.04 

.08 
<.005 

<.0009 

<.003 

48 50 51 

<.001 <.0005 
)2. )4 • 

<.0005 
>4. 

<.07 .1 (.01 
<.002 
<.00t. 

.02 
.0007 
<.01 
<.05 

<.002 
<.001 

.001 
<.0006 

4. 
<.0002 

)10. 
<.01 

.03 
<.03 
>10. 

<.0001 
<.3 

<.007 
<.0006 

<.7 
.7 

<.0001 
<.0006 

<.2 
<.0004 

>10. 
<.002 

.001 
<.02 
<.04 
<.03 

<.005 
<.0009 

.3 
<.003 

<.002 
<.003 

.2 
.001 
<.01 
<.05 

<.0006 
<.001 

.00:" 
.0006 

3. 
<.0002 

>10. 
<.01 

.01 
.3 

>7 • 
<.0001 

<.3 
<.007 

<.0004 
<.7 
.01 

<.0001 
<.0006 

<.1 
<.0004 

>10. 
<.001 

.004 

<.002 
<.007 

.3 
.0000 
<.01 

.3 
<.0005 

<.001 
<.0003 
<.OOOb 

3. 
<.0002 

>10. 
<.01 

<.002 

<.0001 

<.007 
<.0002 

<.7 
<.002 

<.0001 
<.0006 

<.06 
<.0004 

>10. 
<.0006 

.009 
<.02 <.02 
<.04 <.04 

.09 .1 
<.005 <.005 

<.0009 <.0009 
.3 .02 

<.003 <.003 

52 

<.0005 
:"3. 

<.0 
<.00 
<.00 

.02 
.OOO~ 

(.01 
<.05 

<.001 
<.001 

<.000~ 

<.0006 
2. 

<.0002 
>10. 
<.01 

.03 
.2 

>7. 
<.0001 

<.3 
<.007 

<.0003 
<.7 
.02 

<.0001 
<.0006 

<.Ob 
<.0004 

>10. 
<.0006 

.0003 
<.02 
<,04 
<.04 

<.005 
<.0009 

.09 
<.003 

53 

<.00:> 
':.::;. 

2. 
<.,)O~ 

.01 
to? 

.0008 
<.01 
<.05 
·(.5 

<.00] 
.00] 
.003 

3. 
{.0002 

>10. 
<.01 
)'.05 

.1 

.7 
<.0001 

<.3 
<.007 

<.0003 
<.7 
1. 

<. 0001 
<.0006 

<.06 
<.0004 

>10. 
<.003 

<.0001 
<.02 
<.08 
<.05 

<.005 
<.0009 

.2 
<.003 

54 

.. : .0007 

> 4. 
.? 

<.002 
.01 
.03 

.OOJ 
<.01 
<.O~ 

<.001 
<.001 

<.0003 
<.0006 

3. 
<. oo~ 

10. 
.OJ 

.OOl) 

• t, 
>~. 

<.0001 
<.3 

<.007 
<.0004 

<.7 
.08 

<.0001 
<.0006 

<.07 
<.0004 

>10. 
<.001 
.0005 
(.02 
<.04 
<.06 

<.oo~ 

<.0009 
.4 

<.003 

55 

<.004 

>3. 
1 • 

<.002 
<.008 

.003 
.0009 
<.01 
<.05 
<.3 

<.001 
<.0009 

.OO!) f 

4. 
(.0002 

4. 
<.01 

.03 

.09 
.2 

<.0001 
<'3 

<.007 
<.0004 

<.7 
2. 

<.0001 
<.0006 

<.06 
<.0004 

>10. 
<.006 

<.0001 
<.02 
<.09 
<.03 

<.005 
<.0009 

.4 
<.003 



56 
Element 

W 
\.0 

,)G 

j\L 
0(" .. ,.~ 

(\U 

I< 
l<j) 
HE 
1,1 
CA 
err 
co 
cr, 
CIJ 
FC 
GA 
1\ 
LA 
LI 
hG 
liN 
MO 
1M 
NB 
I-II 
P 
r'& 
PD 
PT 
SB 
5C 
51 
SN 
sr< 
TA 
TE 
TI 
V 
Y 
:w 
zr, 

<.0008 
~4. 

<.00 
<.O()2 

.0] 

.. ' 
.00] 
<.04 

:'. 
<:. OOO~; 

<.OOl 
/.0003 
<.OO()!, 

4. 

<. 00·1 
10. 
.01 
.01 

:? . ~\ 
<.0001 

6. 
<.02 
.001 
<.7 

<.002 
<.000] 
<.0006 

-(.06 

<.0004 
>10. 

<.004 
.03 

<.02 
<.04 

.3 
coos 

<.0009 
.03 

<. 003 

58 

<.002 
> 4. 

<.03 
<.002 
<.00] 

.04 

.O~ 
<.0:" 

2. 
.003 

<.DOI 
·<.O{)(>3 
<.<lO(J6 

{ .. 
<.000:"; 

:; 10. 
·::.0] 
>.03 

I. 
>7. 

<.0001 
<] • 

<.01 
<.003 

<.7 

<.0001 
<.OOOt, 

...:.~ 

<.0004 
; 10. 
<.:.01 
.003 
<.0:
<.04 

.1 
<.005 

<.0009 
.8 

<.003 

59 

<.0005 
>4. 

.009 

.002 

.007 
.O:? 

.0006 
<.OJ 

.f> 
..-:. OOO~, 

,.:.001 
<.0003 
·':.O(JOf. 

:~ . 
002 
10. 
.OJ 

<.004 
.8 
.4 

<.0001 
<.3 

<.007 
<.0004 

;.7 
<.002 

<.0001 
(.0006 

<.06 
<.0004 

>10. 
<.002 
.0003 

<.O:? 
<.04 

.09 
<.005 

<.0009 
02 

<.003 

60 

<.OO:? 
>4, 

<.03 
S·OO~ 
•· .• 00.) 

.O~ 
o~ 

<.OJ 
3. 

.001 
<.001 

/.0003 
~.OO()~ 

000 
10. 
.01 

>.04 
1 • 

>6. 
<.OOOl 

<.3 
<.03 

<.003 
<.7 
1. 

<.0001 
<.0006 

<.1 
<.0004 

>10. 
<.O~ 

.003 
<.0:2 
<.04 

.:> 
.: .005 

<.0009 
.6 

<.003 

62 

<.0005 
>4. 

~.02 

<.002 
.01 
.08 
.01 

<.03 
.7 

<.0005 
<.001 

(.0003 
.OO()6 

4. 

;.0004 
~10. 
<.01 
.008 

.9 
"o·J ....... 

(.0001 
<.3 

<.01 
<.0006 

<.7 
• 1 

<.0001 
<.0006 

<.07 
<.0004 

>10. 
<.006 
.0001 
<.02 
<.04 

.. 2 
<.005 

<.0009 
.2 

<.003 

63 

<.0005 
>4. 

.009 

.00:> 

.006 
.04 

.002 
<.01 

4. 
·:.0005 
·.:.001 

·'· .• OOD3 
.000/) 

:."). 
<.000~ 

dO. 
<.01 

.01 
.6 

>2. 
<.0001 

<.3 
<.000 

<.OOOJ 
~.7 
.07 

<.0001 
<.0006 

<.06 
<.0004 

>10. 
<.006 

.003 
<.02 
<.04 

.1 
<.005 

<.0009 
.1 

·:.003 

65 

<.01 
)4. 

<.06 
<.002 

<.01 
• 1 

.004 
<.01 
(.4 

<.ooo~ 
<.001 

;.0003 
.0\)::> 

<. O()~; 

]0. 
.01 

. o:~ 

)10 • 
<.0001 

(.3 
<.01 

·~.0(}S 

<.7 

<.0001 
<.0006 

<.3 
<.0004 

)JO. 
<.01 
.005 
<.02 
<.04 

<.005 
<.0009 

.4 
<.003 

Sample number 
66 68 70 
Concentration % 

<" • ()\)~I; 
-1. 

.• 0:; 

< p c,O: l 

. ,.on 
p (I~~ 

• no:" 
"·pO:' 

. " .:> 
..:- . ooo~; 

...• 001 
... noo:, 
.:. (;{)I-'/. 

"".00':)]' 

'.""1 Ii. 
.;·.0.1 
. ()~' 

• i, 
lei. 

·:·.Ii()O] 
,,:.3 

:;" .OJ 

<". OG::-~ 

<.0001 
··:.OOOf. -. 

.0004 
>10. 

<.o(,n 
.00? 
< .O:~ 
<.04 

.1 
"( .oo~ 

·".one,9 
.7 

<'.OOJ 

<.OOR 
>4. 

<.n~ 

<.OO? 
<.007 

.()~ 

.OO~ 
.01 
<.9 

.00()? 
'.001 

::.OOO~ 

.O()~ 

.:". (){JO/ 

1 ~J • 
..• (;1 

.0:' . ;, 
·.'10. 

':. ()(;(!l 

.,: .11 
<.007 

.007 
;:.7 
.9 

<.0001 
<.OOO~ 

<.3 
<.0004 

>10. 
<.002 

.006 
<.02 
<.04 
<.03 

<.005 
<.0009 

1. 
<.003 

(.01 
>~. 

<.04 
<.OO? 
<.OOR 

.0 
.00 
·' .• 0 

<.:' 
<. (jOO~; 

{·.001 
• ODD:, 

.00:, 
H. 

<' .. OOO~) 
<::~ • 

<.0] 
<.OO? 
(.O~ 

H,. 
<.000] 

/.~ 

<.007 
.009 
<.7 

<.000] 
<.OOOA 

<.~ 

<.0004 
>10. 

<.004 
.oo~ 

~:.O? 

<.04 
.1 

<.005 
<.0009 

.2 
.009 

71 

<.0005 
.04 

<.009 
<.002 
<.003 
<.002 

<.0001 
<.OJ 

10. 
<.0005 

<.OOI 
<.0003 
<.()O(j6 

2. 
<".O()02 

::.11 
<.0] 

<.002 
>]0. 
.09 

<.0001 
<.3 

<.007 
.<JOOO 

<.7 
<.002 

<.0001 
<.0006 

<.06 
<.0004 

4. 
<.001 
.0003 

o( .02 
<.04 
<.03 

<.005 
<.0009 

• 1 
<.003 

72 

<.0005 

<.009 
<.002 
<.003 
<,002 

<.0001 
<.OJ 

4. 
<.0005 

<.001 
<.0003 
<.ooo.~ 

• 'jI 

(.OOO? 
<.6 

.(. OJ 
<.OO? 

2 • 
• ()~i 

<.000] 
<.3 

<.007 
<.0003 

<.7 
<.002 

<.0001 
<.0006 

<.06 
<.0004 

>10. 
<.0006 

.0003 
<.07 
<.04 
<.03 

<.005 
<.0009 

.6 
<.003 

73 

<.ooo~ 
.0 

.03 
<.002 

.OJ 

.04 
.0003 
<.02 
:(.05 

<.0005 
<.001 

<.0004 
-<.OOO(j 

.n 
<.OOO? 

3. 
<.OJ 

<.002 
.OR 
.0] 

<,0001 
<.J 

<'007 
<. O(}O~ 

<.7 
<.002 

<.000] 
<.0006 

<.06 
<.0004 

>10. 
<.00] 

• 03 
<.02 
<.06 
<.06 

<.005 
<.0009 

.OOS 
<.003 

74 

<.0005 
>2. 

<.01 
<.002 

.01 

.03 
.0004 

<.01 
<.05 

<.OOO~ 
<.001 

<.0003 
~.O{)06 -. 4"·' 
<. O(·o:"~ 

':1. 
<.01 

....• 00:~ 
.2 

.005 
<.(>001 

<.3 
<: p 0(11" 

<.000" 
<.7 

<.002 
<.0001 
<.00(16 

<.06 
<.0004 

>10. 
<.003 

.06 
<.02 
<.09 
<.05 

<.005 
<.0009 

.007 
<.003 

75 

<.0005 
.3 

.04 
<.002 
<.008 

.6 
.0007 
<.01 

.3 
<.001 
<.001 

<.0003 
<.0006 

3. 
<.00(J2 

<~. 
<.01 

·:""~.oo~ 

.06 

.03 
.0008 

<.3 
<.007 

<.0007 
<.7 

<.002 
<.0001 
<.0006 

.1 

<.0004 
>10. 

<.002 
.001 
<.02 
<.09 
<.03 

<.005 
<.0009 

.03 
<.003 

76 

<.0005 
.07 

<.009 
<.002 
<.003 
<.002 

<.0001 
<.01 

8 • 
<.0005 

<.001 
<.0003 
<.0006 

.-1 
·' ..• 000:? 

<.6 
<.01 

<.002 -, _. 
.01 

<.0001 
<.3 

<.007 
<.00U2 

<.7 
<.002 

<.0001 
<.0006 

<.06 
<.0004 

>10. 
<.0006 

.0001 
<.02 
<.04 
<.03 

<.005 
<.0009 

.01 
<.003 

77 

<.0005 
.9 

<,02 
<.002 

.01 

.02 
.0005 
<.01 

.1 
<.0005 

<.001 
.001 

<.0006 

<.0002 
<1. 

<.01 
<.005 

.1 
.01 

<.0001 
<.3 

<'007 
<.0006 

<.7 
<.002 

<,0001 
<.0006 

<.06 
<.0004 

>10. 
<.0008 

.0009 
<.02 
<.04 
<.06 

<.005 
<.0009 

.004 
<.003 

78 

<.0005 
.9 

.06 
<.002 

.01 

.0 
.000 
<.0 

.2 
<.001 
<.OUI 

.002 
<.OOOt. 

:~ . 
<.0002 

<.6 
<.Ul 

.02 

.06 

.04 
<.0001 

<.3 
< .• 007 

.001 
<.7 

<.002 
<.0001 
<.0006 

.09 
<.0004 

>10 • 
<.001 
.0005 
<.02 
<.08 
(.05 

<.005 
<.0009 

.03 
<.003 



79 
Element 

.j::-

o 

AG 
ilL 
AS 
AU 
lJ 
riA 
BE 
EI 
CI\ 
CD 
co 
Cf; 
CU 
FE 
G{, 

1\ 
LA 
Ll 
iiG 
Mil 
/iO 
iIi< 
i1IJ 

ill 
f' 
f'I' 
Pro 
n 
Sf! 
sc 
SI 
~)N 

SE: 
TA 
TE 
T1 
V 
Y 

ZII 
ZR 

<.OOO~ 

.3 
.03 

<.00:
<.OOG 

.00i' 
<.0002 

<.01 
.6 

<.OOO!') 
<.001 

.00:' 
<. (;00/, 

1. 
<:. O()()~! 

<:. {, 
<.OJ 

<.002 
• 1 

.o:! 
<.0001 

<.3 
<.007 

<.0006 
<.7 

<.002 
<.0001 
<.0006 

<.06 
<.0004 

~10. 

<.0007 
.0001 

<.07. 
<.05 
<.03 

<. oo~;; 
<.0009 

.001 
<.003 

80 

<.0(10~ 

.1 
,~. 0:' 

.,., .00;' 
":. oo~' 

.0(J3 
<.' .000:' 

<.01 
<.00 

<. OOO~j 
<.001 

.002 
<.ooot, 

<, (j(I02 
.' , 
.0 

<.01 
<.oo~ 

07 
.Ol 

<.0001 
:.3 

(.007 
<.0003 

<.7 
<.002 

<.0001 
<.0006 

<.06 
<.0004 

>10. 
<.0006 
<.0001 

<.0~ 
<.04 
<.03 

<.005 
<.0009 

.001 
<.003 

81 

... (JO(i:' 
~ :, 

<.OJ 
'.()i):) 
<",QOh 

.()O~ 

~.0()(~~ 

<.01 
.9 

<.OO()~ 

<.001 
.001 

-<. (,(,(',(, 
1. 

.,'. ()(IO;' 

(. (I 

:.01 
.0] .. , 
.0:.1, 

<.000] 
<.3 

<.007 
<.0005 

·<.7 
<.002 

<.0001 
<.0006 

<.06 
<.0004 

}IO. 
<.0000 

.0001 

82 

<.00:: 

<.03 
<.00::' 

.01 
0:? 

006 
• o:~ 
.0/' 

':. oo~ 
<.001 

.001 
.::. "OOc, 

.: .. 
<.0002 

2. 
·::.01 

<:. o':)=~ 
O~ 

.04 
<.0001 

<.3 
<.00) 

.001 
<.7 

<.oou 
<. 001 
(. 006 

.06 
<.0004 

>10. 
.004 

<.0001 
(.02 <.02 
<.04 .1 
<.03 <.03 

<.005 <.005 
<.0009 <.0009 

.004 .09 
<.003 <.003 

83 

.• 000'1 
I. 

.O~ 

<.00::' 
.01 
.01 

.OOOS 
<.02 
<.06 

~.0006 
,.001 

<.00()9 
. 00()b 

3. 
<.0\)02 

<2. 
<.01 

·· ..• O()3 

,,)1 

'" (,001 
<.3 

07 
·:.0 07 

.7 
02 

":.0001 
<.0006 

':.06 
<.0004 

':·10. 
'<.00::0 

004 
.02 
.07 

'~.03 

·~.005 
<.0009 

.03 
<.003 

84 

-<.00')5 
>3. 

.1 
: .00:> 

0-' 

.0 
.000 

".:.0 
<.06 

<.00::0 
:.001 

<.OtJ07 
·::.000b 

·1. 
<.0002 

<1. 
<.OJ 
.008 

.02 
'.0001 

(.3 
<.007 

.001 
<.7 

(.002 
<.0001 
<.0006 

<.06 
<.0004 

>10. 
<.004 

.003 
<.02 
<.08 
<.08 

<.005 
<.0009 

.01 
<.003 

85 

.;'.001 
.::' 

·.;'.0 
<.00 

.0 

.00El 
.0004 

.05 
<.05 

<.0005 
<.001 

.o:! 
.OO? 

2. 
<.0002 

'<:. oS 
<.01 

<.00::0 
. 001 

.2 
.0004 

<.3 
<.007 

.008 
<.7 

<.002 
<.0001 
<.0006 

.1 
<.0004 

>10. 
.02 

<.0001 
<.02 

..(.1 

<.03 
<.005 

<.0009 
.03 

<.003 

Sample number 
86 87 88 89 

Concentration, % 
-<.00::') 

.3 
<:.00:' 

.01 

.07 
.000::' 
<.03 

(.02 
<.O()l 

.002 
·:.000~ 

<". OOO~) 
<.l:' 

<.01 
<.O(l4 

.07 
.007 

.0001 
' .. ~ 

:::.007 
.00::' 
<.9 

.009 
<.00,)1 
<.0006 

<.06 
<.0004 

>10. 
.008 
.001 

.OO!,) 
~ 

•• J 

.3 
<.002 

.(l09 

.()2 
.OOO~ 

.()A 

~·.03 

<;009 
<.001 
.000~ 

~.O('()(. 

;1. 

.,: • (j O~ I ~.~ 

':.0.1 
<.OO;! 

.l 
.(,::-, 

• ()O.7 

:, .:) 

<.on7 
.()0? 
.::. ;' 

<: O()2 
<:. 00] 
<. otJ6 

.06 
<.0004 

>10. 
.007 
.OO? 

<.02 .02 
<.07 .04 
<.03 .04 

<.005 <.OO~ 
<.0009 <.0009 

.01 .006 
<.003 <.oo~ 

<.0005 
.6 

.08 
<.00::' 

.009 

.000 
<.0003 

{.01 
.4 

<.0008 
<.001 

/.0006 
<.ooot, 

3t 
(.0 02 

.6 
01 

<:.002 
.3 

.01 
<.0001 

<.3 
<.007 

<.0006 
" .• 7 

<.002 
<.0001 
<.0006 

<.06 
<.0004 

:10. 
<.002 

.003 

<.0005 
.05 

<.009 
<.002 
<.003 
<.002 

<.0001 
<.01 

10. 
<.0005 

<.001 
<.0003 
<.0006 

1 • 
'~.0002 

<.6 
<:.01 

<.002 
>10. 

.03 
.0001 

<.3 
<.007 

<.0002 
<.7 

<.002 
<.0001 
<.0006 

<.06 
<.0004 

.3 
<.0006 
<.0001 

.02 .02 

.04 .04 

.03 .03 
<.oo~ <.005 

<.00,,9 <.0009 
• 01 <.ooon 

<.003 <.003 

90 

<.009 
• 08 
.6 

<.002 
<.008 

.004 
<.0002 

<.03 
<.05 

<.000c. 
<.001 

<.0003 
<.0006 

)10. 
<.0002 

4. 
<.01 

<.002 
.3 

<.006 
(.0001 

<.3 
<.007 

.03 
<1. 

<.003 
<.0001 
<.0008 

<.1 
<.0004 

3. 
.07 

<.0001 
<.02 
<.04 
<.03 

<.005 
<.0009 

.01 
<.003 

91 

<.0005 
>2 • 
.03 

<.002 
.02 
.01 

.0008 
<.01 
(' .05 
.OOO~ 
<.001 

<.0003 
<.000A 

;)t 

::' 4 O()()~! 

6 .. 
.(. OJ 

<.002 
.3 

.01 
<.0001 

<.3 
<.007 

.002 
<.7 

<.002 
<.0001 
<.0006 

<.07 
<.0004 

)10. 
<.002 

.004 
<.02 
<.06 
<~. 03 

<.006 
<.0009 

.08 
<.003 

92 

.,;. OOO~j 
::3. 

<.0 
<.00 

.0 

.05 
004 
• OJ 

.05 
<. 00:; 
< ,()O 1 

<.0003 
-<.00(;6 

~z, • 

<.0002 
J. 

<.01 
<.oo~ 

,2 
.0:; 

<.0001 

<.007 
.002 
<.7 

<.00::' 
<.0001 
<.0006 

<.06 
<.0004 

>10. 
<.002 

.002 
<.02 
<.06 
<.07 

(.008 
<.0009 

.05 
<.003 

93 

<.0005 
>3. 

<.009 
<.002 
<.006 

1. 
<.0003 

<.01 
.4 

<.OOOS 
<.001 

.02 
.002 

<. OO? 
JO. 
.01 

<.00::0 
1 • 
.2: 

<.0001 
<.3 

<.007 
.000 
<.7 

<.002 
<.0001 
<.0006 

<.06 
<.0004 

>10. 
<.003 

.08 
<to:! 
<.04 

.3 
<.005 

<.0009 
.05 

<.003 

94 

<.002 
>3. 
.06 

<.002 
<.006 

.4 
.0003 
<.04 
<.08 

<.0005 
<.001 

.02 
.0008 

<.OOCo2 

<.01 
<.002 

.6 
0 ·, . ~ 

<.0001 
<.3 

<.007 
.007 
<.7 

<.002 
<.0001 
<.0006 

.1 
<.0004 

>10. 
<.006 

.03 
<.02 
<.04 

.3 
<.01 

<.0009 
• 03 

.006 

95 

<.001 
~ 

• ..J 

.04 
<.002 
<.003 

.002 
<.0001 

<.01 
>10. 

<.0005 
<.001 

<.0003 
<.0006 

4. 
<.0002 

<.6 
<.01 

<.002 
>10 • 

• 1 
<.0001 

<2. 
<.007 

.01 
<.7 

2. 
<.0001 
<.0006 

<.06 
<.0004 

<.005 
.0002 
<.02 
<.04 
<.03 

.06 
<.0009 

1 • 
<.003 

96 

.oooc. 

.1. 
<,009 
":.002 
.( .003 
<.002 

<.0001 
<.01 

9. 
<'0005 

<.001 
<.0003 
<.0006 

1. 
<.0002 

6. 
<.01 

<.002 
)9. 
.05 

<.0001 
(10. 

<.007 
.004 
<.7 
1. 

<.0001 
<.0006 

<.06 
<.0004 

2. 
<.0006 
<.0001 

<.02 
<.04 
<.03 
<.01 

<.0009 
>9 • 

<.003 



97 
Element 

+:
....... 

I;G 
til 

tt!J 
f,U 
b 

l<1l 
1"[ 
iiI 
cr. 
ClI 
CO 
eli 
CIJ 
F[ 
G(, 
h 
l.(. 

LI 
I'lL; 
/iii 
hD 
iUt 
/HI 

IiI 
I' 
f'/) 

PD 
F'T 
SI:< 

SC 
51 
SN 
!~f\ 

TA 
TE 
TI 
V 
Y 
ZH 
~:f\ 

<.000:' 

.3 
<.00'.1 
":.002 
<.003 
<.002 

<.0001 
<.01 
>10. 

<.0005 
<.001 

<.0003 
<.0006 

:>. 
<.0002 

<.6 
<.01 

(.00::' 
>10. 

.06 
<.0001 

<.3 
'<. 007 

.006 
<.7 
• 04 

<.0001 
<.0006 

<.06 
<.0004 

.3 
<.0009 
<.0001 

<.02 
<.04 
<.03 

<.005 
<.0009 

.3 
<.003 

98 

·'.0005 

.3 
.009 
.00:' 
.003 
.00::' 

<.0001 
<.01 
;, 10. 

<.0005 
(.001 

<.0003 
<.000t. 

4. 
<.000:' 

<.6 
(.01 

<.002 
>10. 

.04 
<.0001 

<'3 
<.007 

.009 
<.7 

• 3 
<.0001 
<.0006 

<.06 
<.0004 

.4 
<.003 

<.0001 
<.02 
<.04 
<.03 

<'006 
<.0009 

.5 
<.003 

99 

(.OOO~ 

.1 
··~.009 

<.00:' 
<.003 
<:.002 

<.0001 
<.01 
>10. 

<.0005 
<.001 

<.0003 
<.0006 

.3 
<.0002 

<.6 
<.Ol 

<.002 
3. 

.04 
<.0001 

<.3 
<.01 

<.0006 
<.7 

<.002 
<.0001 
<.0006 

<.06 
<.0004 

.1 
<.0006 
<.0001 

<.02 
<.04 
<.03 

<.005 
<.0009 

.4 
<.003 

100 

<.000:' 

.6 
<.009 
<.00::' 
<.003 
<.00::' 

<.0001 
<.01 
>10. 

<.0005 
<.001 

(.0003 
<.0006 

• 8 
<.000::' 

<. t, 
(.01 

<.00::' 
>10. 

.O? 
<.0001 

<.3 
<.02 
.002 
<.7 

<.002 
<.0001 
<.0006 

<.06 
<.0004 

• 6 
<.0006 

.0002 
<.02 
<.04 
<.03 

<.005 
<.0009 

.2 
<.003 

101 

<.004 

• 1 
<.02 

<.002 
(.003 

.003 
<.0001 

<.01 
c ..,. 

<.0005 
<.001 

<.0003 
<.0006 

<.000::' 
10. 

<.01 
<.002 

3. 
.04 

<.0001 
>3. 

<.007 
.001 
<.7 

.9 
<.0001 
<.0006 

<.06 
<.0004 

.003 
<.0001 

<.02 
<.04 
<.03 

<.005 
<'0009 

1. 
<'003 

102 

.004 
.3 

.04 
.oo~ 

.00:1 
.00::' 

.0004 
<.01 

6. 
<.0005 

<.001 
<.0003 
<.0006 

7. 
<.000::' 

10. 
<. 0] 

<.002 

.07 
<.0001 

>:? 
<.007 

.004 
<.7 

<.0001 
<.0006 

<.06 
<.0004 

1 • 
.O~ 

<.0001 
<.02 
<.04 
<.03 

.09 
<.0009 

.8 
<.003 

<***, Due to Zn interference on Na. 

103 

-(. on:; 
.3 

.0;) 
':.00;:> 

.()03 

.00;:> 
.0005 
<.01 

{ .. 
<.0005 

<.001 
<.000;) 
<.0006 

6 • 
<.0002 

~ 
J. 

<.0] 
<.002 

.06 
<.0001 

>4. 
<.007 

.004 
<.7 
2. 

<.0001 
<.0006 

<.06 
<.0004 

1 • 
.01 

<.0001 
<.02 
<.04 
<.03 

.1 
<.0009 

.6 
<.003 

104 

<.ooos 
.3 

(.OO? 
·· .• 002 
<. DO:; 

<.002 
(.0001 

.. :. ()1 

>JO. 
<.(lOO!'.) 

<.001 
<.000;; 
<.O()06 

J. 
<.000:~ 

<.e) 
·.OJ 

·:.oo:! 
-:·10. 

.1 
<.(JOO] 

• :3 
<.\)ou 

<.0004 
<.7 
• 04 

<.0001 
<.0006 

<.06 

<.0004 
.3 

<.001 
.0003 
<.02 
<.04 
<.03 

<.005 
<.OOO? 

.4 
<.003 

Sample number 
105 106 107 

Concentration, % 

.01 
>~. 

.06 
<.oo~ 

.01 

.02 
.0007 
<.0:; 

3-. 
<.OOO~ 

<.001 
<.0008 
<.0006 

10. 
.003-
10. 

<.01 
<.002 

.6 
.07 

<.000] 
<t~~: 

<.000 
.02 
~~t9 

o • 
<.0001 

<.002 
<.2 

<.0004 
)10 • 
<.07 

.0004 
<.00 
<.O~ 

.1 
.02 

<.0009 
.4 

.008 

to:? 
>2. 
.07 

<.OO? 
<.009 

.02 
.0008 
<.Ob 

6. 
<.0006 

<.003 
:.:. (1005 

.0006 
]0. 

.004, 
10. 

·.o:? 
<.003 

.9 
O~ • oJ 

.' .. c.o 
;:; 
.0 
.0 
<1. 
10 • 

·:.0001 
·:'.0006 

<.2 
<.0009 

4. 
<.08 

.0005 
<.07 
<.07 

.1 
.02 

<.0009 
• 6 

.01 

<.00S' 
.7 

<.06 
<.OO? 
<.000 

to? 
.0008 
<.07 

6. 
<.001 
<.002 

<.OOO~ 

<.OOOb 
~.j(). 

.004' 
n. 

<:. O~) 
<.002 

.7 
<.0::' 

<.OOO? 
~~~:* 
<.01 

.02 
<.7 
10 • 

<.0001 
<.003 

<.2 
<.0006 

3. 
• 1 

.0003 
<.2 

<.04 
.1 

.02 
<.0009 

.4 
<.009 

108 

<·.004 
.9 

.03 
<:. ,.O? 
<.oon 

.005 
<.OOOl 

<.03 
10. 

.0007 
<.001 

<.0004 
<.OOOA 

7. 
<.0003 

7. 
".01 

<.OO? 
2. 

.07 
': ,c)OOl 

<;:~* 
<.OOB 

.003 
<.7 

B. 
<.0001 
<.0006 

<.06 

<.0004 
4. 

007 
• 005 

.02 

.04 
<.05 

<.005 
<.0009 

1 • 
<.003 

109 

<.01 
]. 

<.06 
<.01 
<.0] 

.07 
.001 
<.07 

.4 
<.007 
<.003 

,~.OOO~ 

<.0006 
~IO. 

<.003 
10. 

<.01 
{".002 

• 1 
<.04 

<.OOO? 
10. 

<.01 
.02 
·{2. 

>]0. 
<.OOO? 

<.003 
<.4 

<.0004 
~. 

.7 
.000t
<.02 

'<.:::i 
.08 

<.009 
<.0009 

.4 
<.005 

110 

.006 

." 
<.0] 

<.002 
<.004 

.003 
<.0001 

<.01 
>10. 

<.0005 
<.00] 

<.0003 
(.0006 

I. 
<tOO()~ 

4. 
<.01 

<.00;:> 
4. 

.07 
<.0001 ....... 

<. O~~) 
.002 
<.7 

.] 

<.0001 
<.OOOt, 

<.06 
<.0004 

• 4 
.006 

.000-1 
<.0;:> 
<.04 
<.03 

<.005 
<.0009 

.08 
<'003 

111 

<.01 
.6 

-.:..O~ 

<.007 
<.OOS' 

.01 
.001 
<.04 

3. 
<.0009 

<.OOl 
<.0003 

.0008 
>10. 
.004 
10. 

<.02 
'<.002 

.6 
<.007 

<.0003 
<!j. 

<.007 

.02 
<2. 
lO. 

<.0001 
<.003 

<.4 
<.0009 

2. 
• 1 

.0003 
<.02 

<.3 
<.05 

.02 
<.0009 

~ .... 
<.007 

112 

.01 
.7 

.06 
", 00" 
':: 000 

.01 
.0004 
<.01 

<.0007 
<.002 

<:.OOO? 
<.OOOt) 

10. 
.OO? 

7. 
<.01 

<.002 
• 9 

.09 
<.0001 

<~:** 
<.007 

.02 
<.7 
6. 

<.0001 
<.0006 

-< .1 
<.0004 

4. 
.04 

.0002 
<.03 
<.04 

.1 
.02 

<.0009 

.006 

113 

<.0006 

.04 
<.00::' 
<.003 

<.002 
<.0001 

<.02 
6. 

<.0005 
<.001 

<.0003 
<.0006 

7. 
<.0002 

<.6 
<.01 

<.002 
>10 • 

.05 
<'0001 

<*** 
<.007 

.007 
<.7 
.3 

<.0001 
<.0006 

<.09 
<.0004 

2 • 
<.005 

<.0001 
<.02 
<.04 
<.03 

<.005 
<.0009 

>10. 
<.003 

114 

<.003 
.4 

<.01 
<.002 
<.003 

<.002 
<.0001 

<.01 
)10. 

<.0005 
<.001 

<.0003 
<.0006 

1. 
<.0002 

<1. 
<.01 

<.002 
4. 
.2 

<.0001 
<.3 

<.02 
.001 
<.7 
.02 

<.0001 
<.0006 

<.06 
<.0004 

.2 
.003 

.0005 
<.02 
<.04 
<.03 

<.005 
<.0009 

.1 
<.003 

us 

.01 
.2 

.09 
<.002 
<.OOB 

.007 
<.0001 

.07 
<.05 

<.0005 
<.001 

<.0003 
<.0006 

10. 
<.001 

3. 
<.01 

<.002 
.4 

.02 
<.0001 

<2. 
<.007 

.02 
<.7 
1. 

<.0001 
<.001 
<.06 

<.0004 
4. 

.04 
<'0001 

<.02 
<.04 
<.08 

<.009 
<.0009 

~ . ... 
.004 






